The presence of electrical dyssynchrony (which following an electrocardiogram can be visualised as a left bundle branch block [LBBB]) is an indication for biventricular pacing if it is associated with systolic dysfunction (ejection fraction [EF] <35%) and dyspnoea in New York Heart Association (NYHA) class II-IV. In the great majority of patients, biventricular pacing determines a significant improvement in ejection fraction and NYHA class, but there is still one-third of patients, named non-responders, who show no benefit after implantation of the device. Ventricular dyssynchrony has been evaluated by echocardiography with a great variety of methods, ranging from m-Mode to strain rate passing by pulsed wave Doppler and tissue Doppler imaging (TDI). All these methods in small and single-centre trials gave good results in predicting the response to cardiac resynchronisation therapy (CRT) and distinguishing responders from non-responders with a high degree of accuracy. [1] [2] [3] [4] [5] [6] [7] [8] [9] Nevertheless, in 2005, the first multicentre trial that compared the ability of 12 different echocardiographic methods to predict response to CRT -the Predictors of response to cardiac resynchronization therapy (PROSPECT) trial -stated that none of the echocardiographic measurements of ventricular dyssynchrony applied in the study were able to distinguish responders from non-responders to a degree that could affect clinical decision-making. 10 This lack of usefulness could be due to the fact that echocardiography is able to measure mechanical dyssynchrony that is different from electrical dyssynchrony, or to some limits of the trial itself. 10, 11 After the publication of the PROSPECT trial results, many editorials and state-of-the-art papers criticised the usefulness of echocardiography in the evaluation of dyssynchrony.
3D imaging and scar location could be able to predict the response to CRT with more accuracy. 10 There are some points that must be taken into account: according to a review by JJ Bax and J Gorcsan, the likelihood of CRT response is low in the absence of dyssynchrony and in the presence of extensive scarring, scar tissue around the left ventricular (LV) lead and LV lead mismatch (versus site of late mechanical activation). Therefore, the echocardiographic method used to evaluate a patient scheduled for CRT, besides giving a reliable measure of ejection fraction, must be able to measure dyssynchrony, to identify the presence and extension of scar tissue, to evaluate where the site of latest mechanical activation is and, after the implantation of a CRT device, to detect where the first mechanical activation due to LV pacing is located. Realtime 3D echocardiography is able to comply with all of these needs: it can give an exact estimation of systolic function and EF; it provides optimal information on LV dyssynchrony throughout the entire LV and not only between septal and lateral wall; detects the presence of scar tissue and gives an idea of the position of LV lead by evaluation of contraction front mapping (CFM). 16 showed good results in the study of dyssynchrony with realtime 3D echocardiography.
The first paper about the use of realtime 3D echocardiography in quantification of global LV mechanical dyssynchrony was by Kapetanakis and colleagues. A new index named the Systolic Dyssynchrony Index (SDI) was devised: by calculating the time taken by any segment to reach minimum regional, SDI was defined as the standard deviation of all these intervals; it was expressed as a percentage of the duration of the cardiac cycle rather than in milliseconds in order to allow comparison between patients with different heart rates. 15 Using SDI, Ajmone Marsan and colleagues 16 were able to predict responders from non-responders performing realtime 3D echocardiography before and 48 hours after CRT device implantation.
Receiver operating characteristic (ROC) curve analysis revealed that a cut-off value for SDI of 5.6% yielded a sensitivity of 88% with a specificity of 86% to predict acute echocardiographic response to CRT.
Moreover, identifying as responders patients with an acute reduction of >15% of LV end-systolic volume, reflecting acute improvement in LV systolic function, they found that basal SDI in the non-responders group was normal -acute non-responders to CRT did not have mechanical dyssynchrony.
More recently, Lau and colleagues 17 performed realtime 3D echocardiography before implantation of the CRT pacemaker, 24
hours after implantation and six to 12 months after implantation.
Using the same cut-off in reduction of LV end-systolic volume to identify responders from non-responders, they found that all responders had baseline SDI values of >10, with a negative predictive value of 100% and in these patients a decrease in the SDI value of more than five at 24 hours identified responders with a positive predictive value of 83%. These papers show that, besides variability of SDI cut-off, realtime 3D echocardiography seems to have good sensitivity and specificity in the prediction of acute response to CRT.
Realtime 3D Echocardiography in the Evaluation of DyssynchronyHow to Perform the Exam
We suggest performing 3D echocardiography after a conventional A Guide to the Use of Left Ventricular Analysis with 3D Echo in Dyssynchrony When acquiring volume for LV analysis, great care must be taken to optimise time resolution. Some instruments allow you to choose between a good spatial and temporal resolution, for example the Siemens ACUSON SC2000™ ultrasound system allows you to choose between S2 (best spatial resolution), S1, T1 and T2 (best temporal resolution). Our suggestion is to look at 2D four-and two-chamber reconstruction more than the 3D volumetric image. If the endocardial border is clearly visualised in 2D images, LV analysis can even be performed in the presence of a suboptimal 3D image, as clearly shown in Figure 1 . Time resolution can also be increased by working in fundamental imaging (without harmonic), reducing depth just below the mitral valve (visualisation of the left atrium is not necessary for LV analysis) and reducing the width of the volumetric data set. It must be ensured that all LV cavity is inside the volume; this can be easily provided looking at 2D reference planes extracted from the volume data set. These techniques can lead to a frame rate (or better, volume rate, dealing with a 3D image) of 70-80 volumes per second if the LV is not severely dilated (see Figure 1) .
It is recommended to optimise brightness and contrast in order to improve the definition of the endocardial border and to check if the system has recognised the end diastolic frame and the end systolic frame properly. If a CRT device has been implanted, the system could recognise the spike as the end diastolic frame and you will have to correct it. The reliability of automated border detection is crucial.
If the system does not properly recognise the endocardial border in four-, two-and three-chamber view and you have to correct it extensively, it will be unlikely to perform a nice LV analysis.
Unfortunately, if the quality is low you cannot improve it with contrast, as automated border detection does not recognise contrast and is not able to recognise the endocardial border if the cavity is white and the muscle is dark. When LV analysis is complete, the system gives information about LV volumes and function (EF, stroke volume, sphericity index) and dyssynchrony (SDI with a 16-segments model and with a 17-segments model).
Time volume curves of all segments are visualised with absolute and normalised values. In the first modality you can have information about kinesis of each segment, eventually confirming the presence and the extension of a scar, while the second modality shows when each segment reaches the minimum volume -that gives an idea of dyssynchrony and detects which is the most delayed segment (see Figure 1 ).
Eventually, a bull's eye with contraction front mapping (CFM) can be shown visualising time to minimum volume (see Figure 2 ). This is a very intuitive way to show the contraction wavefront propagation and may suggest the best position to implant LV lead. In fact, the region of latest activation is not always in the posterolateral wall and positioning of the LV lead guided by the latest activated area may help in achieving CRT response, although conditioned by anatomical limitations. If the lead is positioned away from the region of latest activation it is likely that response to CRT would be poorer, 18 especially if the lead is placed in a segment with scar tissue. 11 CFM is a good and easy method also to identify, after implantation of the CRT device, where the first mechanical activation due to LV pacing is located and how the LV pacing modifies the contraction wavefront propagation map (see Figure 3 ).
The Use of Realtime 3D Echocardiography in Pacemaker Optimisation
After CRT device implantation, the pacemaker programming can be optimised in order to achieve the optimal resynchronisation and improve the outcome. Usefulness of optimisation of atrioventricular (AV) and interventricular (VV) delays is debated. Trials that compared various method of optimisation are controversial 19 and at this time routine use of optimisation techniques is not warranted. A Guide to the Use of Left Ventricular Analysis with 3D Echo in Dyssynchrony 
